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Abstract : Aurora 1s ● inart 181 Ccmf lnemnt fusion
laser swam ualng OPCICal anciular ●ultl Pl@XlnC Jnd
● chaln”of four cold cathode ●lectron beme drivmn

KrF laser ●mplifiers co produce
cal ●nergy.

Tht elQctron guns make use

cethodes that range in Cmlsslon

to 20.000 cmz enfl ●re tYDlcellY

10 to 20 kJ Of OPti-

01 uephlte felt

sree from 10200 ~2

driven by F4arx gen-—.
eretor charged wet,?rllne PFLs of 2.7 0 impedance

thet produce 650 ns pulses when witched BY SF6

insulated trlgetron9. Typicel cethode voltmges We

300 kV to 700 kV with cathode current densltlee of

15 to 25 *fCm”. Electron current ie transported to

the laser pas through rmtal foil or Kaptnn wlndoue
and a h!b?,chi support sirusture. Hkgnetlc #ulde

fields of 1.8 to 3.0 kG are used for bearu guidance.

In this paper, we prusent dat8 on temporal

measurements of cathode current und voltane nnrt
spatial measurements of cu;~ent dL,f131ty for rerjre-

srntatlve v-rvms. Also prrsented a-e ~astirements

on ●nergy depnsitlnn in thf las~r gas medium. The

measuremmts nf ~11’ctron gurl performance are in r_a-
sonir!~le nRrerm,*nt with all ~ffcctiv< cl! c,lit morl~’1

thiit Includr”, ! ho effert of anodr-cat.hoje gal! C]t~-

Surc .

Introd,lc! Ion
.—..— —

Aurm’r l.~ ,? hlRll pow~r kryptorl-flw.~d? laser

system nn~ lJI*llI&constructed for incrllal conf!n~-
mvnt fusi,m ‘lrF) studlPs ● t t-he LrIs Alamos National

I.ahnratory; It w1ll ~mploy optical angulc,r multl-

plrxlng RHI1 ~PrlAl amljllflc~tlrm by el?f.lr~n beam-

rlrlvw KrF amplifl?rs to d~llver mu)tl-kilojoulp
‘, IIS dur.i!!on Ieser puln-s to lCF targets. Th~ COI!!-

IIOIP la~t.r syatom IIMS b~tvl previously d~srrlbad hY

R l!l(,(.11,1’
2

nrld linrllorl et n] , while thr p~rfrmmanrr of

t)),, mnlrl pnw=r amplif ●r In the beam Lraln. thr

I.nrgo Apwtljr~ Mort Iii* LAM), hun twcn repnrtmt by

York ● t al .’-” TIM I.AH has R lamer ●pmrturr or
1 m x 1 m nnrl I* ttim 1 ,rgcst and Mont eI:@rU@Ll[’

exl,(lllg ulf,rmvlnlvt lanrr of lt.n typo no far rP-
portm(lo hnvIIIg pr{jdurrd In exc~ss of !() kJ of ;l~H nm

lasw erwrkv uhrn nl,rrnt~d lrl a nonopt Imizotl unaln -
hlr r-sonnt.lr c(~rlflgurnt Ilm. A rrmv?,~!. ual bl(.r~

dlmgrarr for thr Aurt>ra nystmm !s nhoull in F\ri. ~.

The malri amll: Irlvnt Inrl rhnlti for Aur(u.a orm-
RISI.n [If f(mr mlmrtron hea~firlvell FrF’ ~a-~!’ mml>~l-

ri(jr~ IWIIIV1 Ih !imnll Aper’lur~ Mtulul- (SAM), thr

I’rrnml)llflef’ (l’ A), tllo lnlrrm~dlnl - Am~,llf’lnr (1A),

all,! IIlr I.hfl. 1{11 10 1 nllmm~l”i?n.n Ihr [.llnl’n[.tr~.l~tl~.~

t]f !hmnv Inlm fiml,llfl~t,:l.

ltlo :;hv 17 h d~IiIhl~-IIIIaI mmllllrlml. ihar .im-

~~llflma n II(WI 1o11 (W rls) III’ Ihr ml, ! lime Aiir.,)r’m pulso

lt,allli 11 Ilnn n nlm MI. Rnl II ~)r alNIIIl .’[1 ml)fl [Io) Ivmra

‘1 ,1 Or IIV lnn61, II HII: 111 the. ~l~tlt-f(,](i ~llt,(ldrt..

m

m

Fig.

=~

1. Conceptual block diagram of the Aurola

laser system net Including the targ?t ClP-
tails.



@nerpy into a 5 ns pulse suitable for fusion tar-

g(?ls.

In this paper, we w’ 11 concentrate ~n the major
electron gun components Or these amplifler9: Harx

generators, water PFLs, outpuL switches, fet?dthrougt
bushings, cold cathode diodes, and magnets. Fig-

ure 2, whlcl] 1s the equlviilenl c,rcult for the PA

and IA, Is represent.atlve of the circuits for all of

the rnmpllflers, axcept that the SAM dora not employ

a PFL and the LAM uses two electron guns, car))

driver, by two T’FLs In parallel. Due t(, the large

SIZ- of the LAM, double-sided electron gun pum;,lng

Is uned to produre a uniform dlstr!h:’lon n: dcpos-

lted energy across tile laser np(>rturc. Tho de~lgn

nnrl performnnrc of the el-rlron Run? arr dvgr(lhcd

1(1 morr detail in thr serti~)nsLh:i( frIll(Iw.



Fig. 2. Roproaontatlve ●quivmlcnt clrcu;t for the

Proampliflor tnd Intormedlmto Ampll?ler.

The LAM employs two PFLs for ●mch of ltn
wguns in ● double-aided ●scltatlon
●rrangement.

Puleed Power Comp onenta— —

Marx Generator: Each ●mpllfier contains one or

● ore Marx generators of similar construction, 5 ex-

cept for the SAM, which 1s m cmmcrclal device. 6

The PA, 1A, ●nd the LAM ●ll employ 15-stagr Marx

generators In uhlch ●ach stige 1s ● series combina-

tion of two capacltora. The 15 stages ore lndlvldu-

ally charged lr? a double-ended ❑ode tc t 60 kV in

atxut one mlnuce or less. Nh@n fully charged and

trlgg?red, th~se Harxes can erect to an op-n-ulrcul~
\oltkge of approximately 1.8 HV and approximately

1.6 W when charging the waterline PFLs. The Harx
generators for these three main ●mplifiers store

about 150 kJ of electrical energy for each PFi. to

which they ● rr connectefl. TablJ II summarizes the
H,lrx gvnwator characterls’.lcs ror all four Aurora

amplifiers.

TARi.t 11



measured typical jitters of I 13 ns (one Blgma) when

flrlng the PFLs into both dumy loado ●nd cold cath-
ode diodes - thla is quite BufflCldnt for our needs.

Electron Gun Aoeemul lee: The electron guns
provide the ●nergetic ele~on beams that clrlve th[

laser gas gain medltan; these guns consist of the

followlng main compments; diode feed bunhlng, cat.F-
ode corona shell, emitter, hlbachl, ant foil. These

components ●re housed in ● vmcuum ●nclosure ●nd

maintained at a prosnure suitable for t~(e Operation
oi the field emission cathode and the feed bushing

(5 x 10-6 torr). Any of the electron guns (SAM, PA,

IA, or LAM) 1s representative of Lnh design and
construction concepts used for Aurora, except th+l
the 5AK Is Considerably smaller L.bar, Lhe other Lhrc!
nncl differs In some conceptually unlmport.ant de-
tails.

The dl~de feed busF,lng serves tn make the e.e(.-
trlcal Interfmce from The 011-lnSUlaLe5 output

suitch housing tc, the cathode VOCUW, ●nvlronm?nt.

Thla hushing 1s of Lyplcal high volLnge design,

using ~5°- angled-surface acrylir insulator rlngn

alLernallng with alumlnum flel(t-grading rlng9. Th{

c!athodr corona shell attaches to the end of tt,ls
bushing and the grnptllte f~lt emitter surfar~ l!J ~t-

t~rhr,!t(]n contoured t~[)ss on this she!l. Gr~~)]!!,,

felt eml!trra Are used aln:ir !hPy exhlh:t low lRnl-

tlm) v[IltfxFr and good sp*tia) unlforml!y of eler

LAM d(?iKr, 1= h“;’, k’: ar’, d ,“, A’(-m’ , v!:!-!, PN!c*I,-. ~ ‘II

1. {’ II lmlm(t.qll,~r or !WI. I’ti, !! 111 pnr. nl I PI



Mgnott: Quasi-Holmholtz-pair ●loctr~gnat

coils on mll ampllflors but tho SAM provldo mgnotlc
floldm that stabilize tho ●loctron barns n~alnst

aalf-plnchlng ●nd roduoo oolllslonal dlffuslon
losses in the lmeer gas rol-e. The coils ●re mym-
metrlcally placed ●but the oenter of the laser
chambers and provide ●lmost uniform ■hgnetlc fields

pmrallel to the ●lectron beam paths. The PA and 1A
coils have ❑ajor and minor diameters of 5.5 m ●nd

1.65 ❑, respectively; the LAM has a major dl&meter
or 4.2 m and ● ❑lnor diameter of 2.6 ❑ . Typical

fields ar’e 1200 to 1800 Gtuaa for the P ●nd 1A ●nd

2,000 to 3,000 Gauas for the LAM. The usual operat-
ing uaveshape 10 ● faw second ramp from zero field

to the operating level, ● few second cofi3thnt r!e]d,
followed by a ramp dotin to zero fleltf.

Dlodc Model

The simple cold-cathode diode model that we use

to rtescrlhe the Aurora electron guns 1s based on the

Langrnuir-Child space-charge llmlted electron diode

theory.
12 For a ~a~hode of r~CL~ngIJlar geometry!

the cathode current and voltage are r~lat.ed by the

rOllOwin~ expression:

I - k (lw/f12) V:ilp (1)

nher~ I 1s the cathode rurrent in amperes V 1s the

Ca[hofl(t volLaHP in volts, 1 \s the cathode length, w

1s Lhe catn(~de width, d 1s the A-K gap spacing, and

lI]C constan~ k - 2,34x 1[~() fOr Lhc above SC! Of

unit.3.

Clo?IIrP nf the A-K gap la taker) !ntr nc(.ounl hv

mr, TIT Or thv follvwlng ●xprcn~lnn

(1 - (!() - i(, t , (:’)

Wtlr’re do 15 the Inltlal A-K gap spac. IIg, V(, 1s tt]r

rlosurr v?lOCltY, and t lo the tlm? arLFr c.lthnrtr

Igrl!tl on. Thn closure ve,o~lty d~p-nris
nlLu(ir- of tho ●xt@rnnl applied mngnrtlc

Ihrouflh !hr followlng apfmoxlmalr formu

uhr. r!. n mIf! 1) nrr Con?l,x,lts wlttl nnl, rllx

on the mnR-

rleld l!

al{

I,,,Ir

matr valuvv

1!< n!.,,



Fig.. 3. Comparison of culculat.d (NF.T-2) ●nd meas-
ured u~veforma ror the LAM ceth?de voltage
●nd current. The PFL charge volthge ua~
1.16 W St ● awltchout time of 1.8 US.

This swltchout time lB approximately 2 PFL

transit times before the peak PFL rlnguP
volL&ge.

Inltlal Feraday Cup DeLa

Uork 1s currently underway to measure the

spatial and t8mp0ra] tllstrlbutions of the e-beam
current from the Preamplifier ●-gun. The Faraaay

If
cup9 are of slmllar design to those of Pelllnen

2
and each has a collector ●rea of 60 cm . The cups
are mounted on a ground plane 3 cm from the anodo

grid and measure~ the raw diode e-beam cuPrent.

Figure ~ shous the spat~al distribution of the
●-beam over the cathode emitter. Magnet current us:)

105OA; considerable pinching 1s e,/ldent at this

aripl led magnciir rlrld of -1,? kG. However, the

dlstrlbutlon across the hlbachl slots 1s uniform and

Is surf iclent for our needs. VO~LRge on thQ diodo
was measured at QB2 kV (495 kV calculated).

Fig. !4. Prellmlnnry measurements of Lh( spatial
dl~trlhutl.>n of the preampllr~er cathorlf.

currPnt density. Oprratlon at higher

V[J]La~P!\ and B rlelds 1s rxperLPf! to

tr(~du,$f} a mo!.t~ uniform dlstrlhu( Inn.

Ent=r6y r)epn91tlnr)



Ss!E!zY

The Aurora laser ayotam le now In the Tlnfil
❑tinges of seaambly and L:stlng. In this pa~r, we
have presented detslls related to the aOSi@YIS fOr
the lsrge Srea electron guns thmc eneralze the four
KrF lacer ●mpllflora that make up the aerial smpll”
fler chain. We have mlso prasonted dats on the

calculation snd masouremant of ●lectron gun cathode
current, cathode voltsge, current density, ●lectron
energy deposition in the lseer gas, and preliminary
meawramenLa of cathode current epntlal dletrlbu-
tlon. A almple diode model has been used to calfu-

lmte cathode currents and voltages in reeaonable
agreement with measurements.
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